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AND LOAD CHARACTEEUWICS(Il?ATMfEWIDW13G

M-WA 66-4mmzsAIRFOILSECTIONS

By Morton Cooperand PeterF. Korycinski

.

a?

Tests of a E-foot-spanwing having16+percen+~ck lWCA 6Sseries
sections,2:1 taperratio,and an aspectratio of 6 have been conducted
in the Lmgley l~f oot high-speedtunnelat Mmh nmibersup to 0.69 to
detemine the effectsof ccnnpressibilityon the lift,”~essure,end load
characteristics& the wing.

The msximumlift coefficicmtincreasesfrom a value of 1.07 at a.
I&ch nunlberof 0.15 to a peak value of 1.135at al&ch nuniberof 0.25
and a ReynoliLsmmiberof 3,500,000,then decreases,more rapidlyat
first,to avslue al?0.895at a/4achnuuiberof 0.50,sfterwhich it

‘ increasesvery rapidlyto avalue of 1.10 at akchnmiber of 0.60
(limitof the maximm-lift tests). The increasein msxhmm lift coeffi-
cientat the higherMach nu@ers is associatedprimsrilywith the
unusuallyM* accelerationof the flow aroundthe shsrpleadingedge
of the wing and with the rearwardmovementof the shockformatim
on the upper surfaceof the wing. At the lowerMach numbersserious
lossesinmaximm lift coefficientwere foundto resultfrom premature
tramition of the laminarlmmdary layerto a turbulentboumhmy layer
-causedby le~ rcnaghness.

No significantchangesin spanload distributionsndroot bendi~
qnt coefficimts occurred*cughaut the Mach numberrangefor sll
anglesof attackbelowthe stsX1. For s21 Mach numbersinvestigated.,
the spaawisedistributionof normalloads on the wing cm-be predicted
adequatelyfor most structuralpurposes..

The formationof efiensivelocal supersonieflowregionsuverthe
upper surfaceof the wing,with peak localMach nunibersas high as 1.75,
caused.the centerof pressureto me forwardand therebyreducedthe
sectiontwisti~nt -root ~~~nt COeffiCients.-
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mTRaDucmoN

The signi&icenceof the intemelated influenceof Reynoldsnmiber
end &oh nuuiberin emalysesof wind-tunnelmsxhmm-lift datahas been
lmownfor severalyears.._ tests of a three-dimensional* Of
NACA 0012 airfoilsections(reference1) at low Wh nmibers (M< 0.37),
XWonouncedcompressibilityeffectson the maximumlift cotifioientwere
found in additionto the usual effectsof Re~olds nw.tibercm the maximum
lift coefficient.~ese adverseccmrpressibilityeffects,which ocoumed
at relativelylow speeds,were associatedwith the extremelyhi@ local
inducedvelocitiesoverthe wing at high s@Les of attackand with the
resultantimabilityof the fluw to overccmethe adversepressure gradients. .
Similar effectswere reportedin a pr~ous investigation(reference2)
of the maximm-lift characteristicsof tyyicallW2A 16-seriespropeller
sectionsto ob+Wn airfoildata applicableto the static-thrustconditiom
The resultsof reference2 also showedan extremelyrapidrise in maxLmm
lift coefficientbetweenMaoh mmibersof O.~ and 0.60for comparatively
thick (15percent) lVAC!A16+eries sections. The necessityfor an Undep
standiw of this rapidrise in meximm lift coefficientwith im increase
h Mach numberis apparentfrom a consi~erationof the predictionof wing
loads in higb+peed maneuvers.

.

As a resultof the scatteredresultsfrcmwind-tunneltests (refez=
ences1 and 2) and flighttests (references3 and 4) showingthe signifi-
canceof both Reynoldsnuniberend Mach nuniberin determiningthe msximm-
lift.characteristicsof drfoile, a comprehensiveinvestigationof a
seriesof conventionalfighter-~e wlqs was undertakenh the Langley
“16-foothi-peed tunneland the Langley19-footpressuretunnel. By means
of tests in both tunnels,it was consideredpossiblethat the main
effectsof I&oh numberand Reynoldsmniberon the maximumlift coeffi-
cientcouldbe isolatedend in that way individuallyevaluated. In
addition,sincethe testwingswere selectedrepresentativeof
fighte?+~e aizplanes,importantload and pressuredata couldbe
obtainedas a corollaryto the basicmexhmm-lift investigatirm.The
data obtainablein the Lmgley l>f oti pressuretunnelat high Remolds
nmhr end low Mach numberwouldbe usefulfcm predictinglandingloads
end landingperfmmance, ami the data obtainedin the Le@Ley l&foot
hi~+peed tunnelat high Remolds nxmiberand high I&oh nunberwouldbe

. applicableto hi~peed maneuvers.

The first w- 5JIthe seriesto be investigatedhad a W-foot span,
NAOA 23&series airfoilsectionsof vsr@ng thiclmess,a 2:1 taper ratio,
and an aspectratio-of6. The resultsof the hig&speetiimestigatim
are presentedin references5 ti 6, anii -KIMresultsof the luw-speed
investigationare presentedin referencb7. Theresultsof refprence5
indicatean increasein meximm lift coefficientto a peak value of 1.46
at a Mach nmiberof 0.30 (Reynoldsmmber of 4,500,000),then a rapid

—..-— _.-:. _— _ ——— —— ——-—— -..—- .— -
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decreasefrcm a Mach ntier of 0.30 to 0.55,and a lowerrate of decrease
from alkmhmmiber of 0.55to 0.625. The magnitudeofma@mumlift”at
the lweedpesk aziLtheMach nunlberat which it occurreddependedon
the Reynoldsnmiber;as the Reynoldsnuniberwas tncreased,themsximum
lift coefficientincreasedin magnitudeand occumedat alowerlkch
number (reference7). It was also shownthat the effectof Re~olds
n,er on the madmm lift coefficientdecreasedappreciably&terthB
l~eed peakmaximumlift coefficimt was reached.

The presentpaper cmxklms the resultsof the hi~eedmaxhmm—
lift tests cmiucted in the Langley16+foothi@-speed.tunnelm a&foot-
span wing hawing 16-peroen+thickMAOA 6&wries sections,2:1 taper
ratto,~ an aspectratio of 6. Ihaddltionto themaximmHift
chmaoteristics,hi~eed. bmdin&mmt, twist~t, and pressure
datarepresentativeof present-dayfightex+qqe edz@aneshavingwings
of similarplan forms=a sectionsare presented.

SYMBOLS

J&ee-streamconditions:

V. comected airspeed,feet per secmd

a. speedof soundin *, feet per secmd.

M. M&number (Vo/ao)

P. mass dmsity of air, slugsper cubicfoot

% ()
%OV02dynamicpressure,poundsper squarefoot a .

Po staticpressure,poundsper squarefoot

Po coe~icient “ofviscosityof air, slugsper foot+econd

R. Reynoldsnuniber(Po@To/Po)

Wing geometry:

s wing sma, squme feet

b ~ span,feet

A aspectratio (b2/S)

E mm chord,feet ‘(s/b)

Y spanwisedistancemeasuredfrom plsne of symmetryof wing, feet

. ..— .. —-. — -...——— — .— _ _ —- ——— -. —-.._>.-
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.

x chord~se dlstencemeasuredfrom e&rfoilleadingedge,feet

c airfoilchordat my spamkke station,feet
.,

a -correctedangleof attackof wing

Force data:

L wing lift,punds

% winglift coefficient (>/q&)

at plane of symmetry, degrees

Pressuredata:

squarefoot I3?’

P

local staticpressure,poundsper

()P - P.

%
pressurecoefficient

pressurecoefficientcorrespondingto a localMach numberof 1.Pcr

coefficient&(% - %) q%)) -sectionn--farce‘n

,
.

sectionnormal-loadparameter

wing normal-forcecoefficient
([?<$]%

%4

sectionpitc~ nt coefficientdue to normalforces -
abouta line perpendicularto planeof synmetrysmd passing
through2>percent positionof root chord

(r1 (PL-
0

%@ -:) d($))
distancefrcm

perpendicularto ~1.m=of symme*
2>percent positionof root chord,

leadingedge of each‘spsawisestationto linexl
ad passingthrough
feet .

-. ...——— — —.. ——. .. . ,- —- ‘-
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~c2 -
L
g

sectiontwistingaomentparameter

%4 root twist~t coefficientabouta line perpendicular
to plane of symmetq and passingthrough2fiercent
positionof root chord

(,J1y2a(’.’.00ttit_t,-_t,
Subscripts:

L luwer surface

u upper surface

i incompressible

c compressible

cr critical

msximml ’

MODEL,IK3MHNHON, TESS,

Model.
.

Force
high-speed

and pressuretestswere conducted
tunnelwith the testwing mounted

CORRECTIONS ‘.

in the
on two

5

-07 16=f00t
conventionalsuppoti

strutsas shcnm in figure1. The.testwing was constructedfram solid
steelto airfoilsect& ordinatesgiven~ tableI. The geometric
propertiesof the wing are as follows:

Span,feet . ... . . . . . . . . . . . . . . .
Wing area,sqparefeet...... . . . . . .
Aspectratio . . . . . . . . . . . . . . . . .
Taperratio . . . . . . . . . . . . . . . . .
Wing sections . . . . . . . . . . . . . . . .
Thicknessratio

Root section,percent. . . . . . . . . . .
Tip section,percent . . . .. . . . . . . .

Designlift coefficient
Root section . . . . . . . . . . . . . . .
Tip section

Sweepback(along~~e~h;~ i&j, ”d;~e; s”
Dihedral(along uerter+hm?dline),degrees

tC&metric twist washout), degrees. . . . . .

.* ..*** ● 0.. K!
● 0..... ● .=* 24
.*9. m.. .9** 6
● ***.*9 .O** 2:1
9 IJACA66 series(a = 0.6)

● .0.0.. ● 900 16
9.0..09 ● 9*= 16

.* **... ● O*. 0.1
● ***..* ● 9**
● .*.... .**. 3Yi;
. . . . . . . .*. . o.. . . . . . . ..90 1.35

. - . -- ..-- ——-.-—- —. .—. .—— - —--—— - —--— .—. —— -— —.- .- -----
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5e left semispend the wi,ngcontained210 pressureorifices,
35 Orfii-s ~q me ohm at e- of six spsmise stations. (See
figo 2.) The locationsof the spsmlse skationsat 10, 30, 50, 70,
85, ma 95 percentof We wing S*SP= were selectedto determine
adequatelythe spanload distributionand yet to midmize the local
influenceof the sqport strutson the nearbypressureorifices.

Duringall the teststhe wtng was frequentlyinspectedsad polished
in orderto maintainan aerodynamicallysmoothsurface.

.

Instasl.at$ml
.

Forcetests.- In orderto obtainthe basiclift data,the wing
was mountedon two conventionalsupportstruts. (Seefig. 1.) All
pressureorificeswere sealedwithinthe wing, and a shortfairingcap
cmered the pressure+mbe e-titlocatedat the trailingedge of the
root seotim of the wing (fig.2). h additionto the cmmentional
installationfor the basicforcetests,the wing was titalled inverted
with end withoutimagestrutsend uprightwith imagestruts(fig.3)
to obtah the tarefmce smd ~eam misalinementcmrections as
discussedin reference8.

Pressuretests.-An auxiliarycounterbalsacedfloatin@ail strut
was installedduringteststo detemine the pehsure distributions
mar the wing. (Seefigs.k(a) sad h(b).) The pressuretubeswere
browht out ticunthe wim throwh.a circularmime sectionmounted
rigi~ to the wing @ Zhen th%@h the floa%&tail
multiple-tzibemanometers.

strut to

Tests

The basicfcmceeml pressuredatawere obtainedfor a raage of
angleof attack&cm ~“ to the steUing amglefm I&oh nuuibersfrcm
0.15 to 0.60. At Wch nmibersfrom 0.60to 0.69,the powerlimitations
of the tunnelpreventedthe attainmentof the higheranglesof attack.
5e testswere contictedby varyingthe tunnelspeedand maintaining
a constantindicatedamgleof attackfor the loweramglerange (below
10° for the forcetestsand & fcm the pressuretests). For the
higherangles,the datawere obtainedby holdinga constantIndicated
tunnel-Machnumberand vsr@ng the angleof attackin smallincrements
to definethe stallsharply. Severaladditionaltestsweremade to
detemine the influenceof leading-edgercu@mess (caveringapproxi-
mately5 percentof the chordmeasured.alongthe surface)on the maximum
lift coefficient. -

The variaticmof averagetestReynoldsnumberwith Mach number
for the forceand pressuretestsis presentedin figure5. Tmdividual
curvesare

——

present=dfcm the force&d pressureteas becausethese

. .

.- .—. ——. —— ——. —.- .... . ... ..- —-— ..-
.,
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data wae bbtatned 4 monthsapartand differencestin the curvesr lect
-s .tia*m@ric c-ti~.. ??A Reynoldsnuniberof’7.5 x 10
occu?mhg at a lkoh numberof 0.7 (fig.5) correspmds roughlyto fuJ.l-
scsleqmraticm of presen~ fighterairplspesat 40,000feet altitude.

IRmce tests.- The farce
a~em mimlimment, and

Cmrections

datahave been correctedfor struttares,
~-tunnel wall effectsj thesefactors

are discussed in reference5. Specific-, the msthodof reference8
was uses to aetezmine strut tares - aiz+dmeam misslinementcorrectims,
sad the metlmdsof references9, 10, and U. were Uses to d,etemine
sngle+f-attaokaml blockageccmrections.The followingtable summarizes
the magnitudeof the correctionsap@ied to the test data:

Comection
I
~ --~
of correction

Air73tream nlisaunemlent
angle,flegrees@qJ

I
0.18

An@*-attack correctiondue -
to the jet+mmmry-iducea
upwashat the 1 1.03
degrees

(%.2.

Angle-of’ttaokcorrectiondue
tO the jd+bounaaxy-mucetl
streamlinecurvature,

.18
degrees (&s.cO)

I

Jmcrementin lift coefficient
due to struts (N@ I .05

Lift-coefficient
to strutseals?~T:s-t ““5

Lift-coefficientincrementaae [

Mdohnumberincrment due to
to blockage,percent 1. 1/2* \

(&x‘m) I

~ magnitudeof
correctionat
maxmum lift

0.18

1.03

.18

I?egjligible

.004

1

.—. - . . _—. — .——. —— --- —---- —---—
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Pressuretests.-At the presenttime no adqpate methodis known
for calculatingthe wind-tunnelwall effectson individualpressure
read3.ngsobttied from static+pressureorificeson a relativelylarge
wing at high speeds. In the analysisof the pressuredata,attempts
were thereforemade to correlatethe normalforcesobtainedfrcm the
integratedpressuremeasurementswith the lift forcesobtainedfrom
forcemeammments. This correlationshowedthat goodagreementbetween
the pressureend fmce datawas obtainedwhen the pressuredatawere
based on a tunnel-emptyosJ.ibration(force-testdata are based on tunuel-
emptycalibration)sad that recslibrathgthe tunnelto accouptfor the

loc&l effectsof the strutsumrcomected.the databy almut* percent.

All pressuredatapresentedare ‘Eh?refmebased on a tunnel-empty ,
calibraticm.

KU angle+f+ttack correctionsthatwere detemed for the farce-
test datawere awed to the ~ssure data.

PmsmTAmoN m’ RIHcmrs

Forcetests.- The data obtainedin the forceand pressuretests
have been correctedto equivalentfre+ ccmditionsand are presented
in dxmdsrd nondimemionelfcmms convenientfor practicalanalysis.
The lifb-coefficientcharacteristicsare summarizedin the fom of a
lift “carpet*’presentedin figure6. The abscissasshownon the lift
carpetare mgle of attack(for ~ = 0.20)and Mach-number(for a = OO).
Lift curvesfor constantMach numbersotherthm 0.20are offset4° in
angleof atiackfor each 0.10 changein Mach nuuiber;lift curvesfor
constantsinglesof attackotherthan 0° are offsetO.@ in Mach number
for each2° changein angleof attack. k severalinstancesthe data
of the lift csrpethave beenreplottedto illustratepertinentlift
characteristicsand to affordcomparismswith otheravailabledata.
me data of figure7(a),takenfrom figure6, permita comparisonof the.
experhnentala@ theoreticalvariationof lift coefficientwith &ch
mmiberfor anglesof attackfrom~“ to 12° and shuwthe influenceof
&e criticalMach numiberin affectingthis comparison.The,variation
of the lift coefficientwithlhch nmiberat anglesof attacknear the
stallis shownin figure7(b);the msximm-lift-coef’ficientcurveis
iucludedto showthe Umiting conditionsof lift. The critical.Mach
nunibercurvehas againbeqn addedto definembcriticaland supercritical
flowregions. 5e criticsLWch nuniberused in this paper is that
free-stresmMach numberat whichthe speedof soundis ffistreached
locallyon the airfoilfcm a givenconfiguration.Figure8 showsthe
variationof the msdmm lift coefficientwithMach numberand the
effectof le~ ru@mess on the maximumlift coefficientat low
speeds. Flight+testdata d? referenceM! have been @ded to figure8
to permita comparisonof the iamnelresultswith flightdata obtaine&
for a similarwing.

.

. . . ..— — —-- -
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l%essuretests.-Representativepressuredistributionsobta~ed.at
themid-semispanstationare shownin figure9 for constantanglesof ‘-
attackand variableMach nmbers and in figure10 for constantMach num-
bers end variableanglesof attack. Contoursof constantpressurealong
the entirespanof the wing are presentedforldachnunibersof 0.20,0.40,
and 0.60 in figures11 to 13. A comprehensivecompilationof the pressure
distributionsfor aU SIX spsnwisestationsis presentedin reference13.
h orderto providea comparisonof themaximum-liftcharacteristicsof
the NACA 230-serieswing reported.in reference5 with thoseof the NACA
66-serieswing presented.herein,representativepressured.istributims
of the twowings are plottedin figure14. The pressuredistributicms
for the 230-smies wingwere takenat the 47-percentsemispanstation.
The chordwisepressuredistributionsobtainedfrommeasuraents over the
left semispanof “thewing were integratedto yieldthe sectionnormal-
forcecoefficient~ and sectionpitching-mcmentcoefficient

%1”

The spamise distributim of the sectionnormal+lmce coefficientis
presentedin figure15 h the fom of spanload distributionsfor
re~esentativewimg normal-forcecoefficientsfcm Mach numbersof 0.20,
0.40,and 0.60. Figure15(a)also containscalculatedspanload
distributionsobtainedby the methodof reference14 for a Mach number
of 0.20. The wing normal-forcecoefficientsobtatnedby the integration
of the spm load distributionsare presentedin figure16 as a nmmal-
forcecarpet. The methodof presentationof the ncnmsl-fmce data is
the sameas thatused fcm pesmting the llft data. The variationof
tie rod b~t CO~iCi~t fith *h -=, oht*~ fr~ the
momentof the spm lmd distributionsaboutthe plsme of eymme*, is
shownin figure17 alongwith the valuesof root bmHn&mmmt coeffi-
cientsobtainedby integmtlon of the theoreticalspanload distrib~
tionsfor a H nuniberof 0.20. !llhesectionpit~ t data along
the spanhave been presentedin figure18 far re~esentativemmmal-
forcecoefficientsfm lkch mmtmrs of 0.20,0.40,and 0.60. These
datahave been ~esented in the fom of a twist~t

parameter ~1(~~ which is referencedto a line perpendicularto

the mlaae of symmetryand passingtbrou@ the 25-perOentpositionof the
root-Chora. Tile ir&rati-Gn of
yields the wing twistin@Kment

positionof tie roab chord,qnd
plottedagainste@.e of attack

ihese tiiist~t ~s-iibuti-
coefficientsaboutthe 25-percent
tiheseintegratedcoefficientsare
in f@re 19.

Ltft ma lWxmal+?orceCharacteristics
. .

Lift Caxpet .- The generallift and staJMng characteristicsof the
testwtng, as well as certainlW&wmrm characteristicswhichmay be

.,

— —.._ .— —---— ——— ------- - -— - -.-—. ..— —— —---- -—-
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10 NACA TN NO. 1697
.

associatedwith 6&eries airfofis,are re~ discerniblein the lift
carpetpresentedin figure6. Beyondthe limit of the low dragrsmge,

which is reachedat an mgle of attackof approximately~“,cthe lift

curveshiftsand a decreasein slopeoccurs. ThiS @e&menon, which iS
characteristicof the airfoilsection,is discussedin refermce 15
=a has been prmiom reportedfar a tayeredwing in reference16.
At ~.h nmikrs alxme 0.50, the shtft or jog in the lift curvestends
to disappear. The eliminationof this jog is associatedwith the
increasedReynoldsnmiberswhich occurat the higherMach numbers,and,
as a result,the extentof the leminarseparationnear the leading
edge is reduced. The lift curvefor a Mach nmiberof 0.55has a
decreasingslopewhich startsat an angleof attmk of abdut4° and
persistsup to 10°; at singlesof attackbeyond100, the slopeof the
lift curveincreasesrapitUyto approximately5.7 per radian,a value
considerablylsrgerthm the lift-curveslopeof 4.8 per radiandetemined
for the low smgle-of%ttackrmge. “Lift curvesfor Mach nuuibersabove
0.55followa similarbut me ~onounced pattern. As will be aimut3f30a
in a followingsection,this initialreductionin lift-curveslopeand
the subsequentrapiarise are associatedwith the bufla+p of trail~
edge separationma the formationof extensiveregions of supersonic
fluw on the forwardportionof the upper surfaceof the wi+.

Ccmmarion of ltPt ~a mmal-f orcedata.-In general.,the lift smd
normd-forcesdata(figs.6 emi 16) obttied independentlyduringthese
tests.showmry good agreement,&a my cpil.itativediscussim of
eitherthe lif% ar the nmmal-force characteristicsis directlyapplicable
to the other. b particular,however,a C-SW of ?i~s 6 ma 16
does showa merkeddifferencein the vicinityof the stallat low Mach
numbers. Part of this discrepancyin msa5mumlift coefficientcan be
attributedto a differencein the,Reynoldsnumber (fig.5)-betweenthe
force -a pressuretests. In addition,a vmqing *e of stallat low
Mach nmiberswas ell.soencmmtered duringseveralrepeatforcetestsat
a givenI&oh number (ap-poxhmtel.ya givenReynoldsnmiber) and is
astiociatetlwith the exbremelysensitivereactionof this type of airfoil
to “apparent”flow chmges causedby a variationin surfaceconditions.
Althoughattemptswere made to maintainan aerodynamicallysmooth
surfaceat all times,the resultsat low Mch numbersnear the stslll
were probablyinfluencedby surfaceconditions.This phenomenonwill,
however,be.of no practicalimporkmce becauseof its occumence at
low Reynoldsnumbersonly. A typical~esen~ fi@ter airplanewill.
have a landingReynoldsnunberof about6,000,000, a valuewhich is
abuvethis exbremelycriticalRemolds numberrange. (A s~ phenomenon
was encounteredin a prelhninaryinvestigationpriorto the main tests
repofiedin reference17.)

Ysriaticmof13ft coefficientwith Mach nunibq.–The experimental
rise in ~ coefficientwith lkch numbershownin figure7 is compared
wim themeticsl predictionsbased on the QauerWErxu@U theory
modifiedfm a finitespanby the method& reference18. H the

.

,.
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~nsional l*mve slope is assumedto be 2YC,the theoretical
rise in lift coefficientdue to compressibilityis givenby:

.

The data of figum 7 showexcellentagreamentbetweenthe experimental
and theoreticalvariationsfm. all mibcriticalWch numbersup to an
s@e of attackof 12°. As mighthe expectedfrom the fmce data,the

gig. 9(a))
essuredistributionsfm a representatlv’eangle of attack a = 6.750

showno unusualor radicslMach numbereffects. At supe~
criticalMach nmibers,however,there is a markeddisagreementbetween
the eqerimentslamd themeticel curves;a disagreanentwhich increases
in magnitudeas the -e of attackis increasedand which,becauseof
itsmagnitude,Invalidatesthe use of this extrapolationto predict
evenroughlythe lift coefficientin supercriticalflows. At amglesof
attackgreaterthan 12° (fig.7(b)),the approximations~ent in -
this linearizedtheoryare sufficientlyin emm to underestimate
ap~eciably the magnitudeof the lift coefficientin subcriticalflow
end hence~ohibit its use.

k thO supercriticelregion,the variationof the lift coefficient
with l&ch mmiberfm moderateand M@ amglesof attackis associated
with the build-p of trail~dge sepsratim end the fomation of
shockon the u~er surface&? the wing. The decreaseh lift coeffi-
cientwhich occurswhen the criticalpressureis exceededreachesa
minimumin the Ma6h nmiberrange of 0.50to 0.60 (fig.7(b));for a
representativeangleof attackof 11.1°the minimumoccursat a Mach
n.er of 0.55,whilefor a = 13.2°, it occursat a kch numberof 0.50.
An examinationof the pressurediagrams(figs.9(b) sad 9(c))at the
“correspondingmintmumpoints (~ = 0.55 at u = 1,1.1”~a ~ .0.50
at a= 13.2°), immediatelyshowsthat the amountuf separation~a the
loss in lift overthe rear portionof the upper surfaceresultingfrcun
this separationis a mdximumat thesepointsand, furthermore,the
positivecontributionof the under surfaceto the lift is a minimumat
thesepoints. Afterthe mimbmm value of the lift coefficientin the
supercriticalregionis r&mhed, a furtherincreasein Mach numberwill
resultin a very rapid increasein the lift coefficient.At a Mch
numiberof 0.55 and an angleof attackof 13.2° (fig.9(c)), a wel.l-
establishmishockis evidentwith a 10CSJ.supemmnic regionof about
14 percentof the chmd end a peak local.B&h numberof abuutl.m. A
furtherincreasein - mmiberto 0.60mmes the shockresrwsM md

extendsthe local supersonicregionto abuut2#z percentof the chord.

The incrementof lift coefficientcausedby thelocal supersonicflow is
immediatelya~ent from a considerationof the increasedareasunder

.

. . ...- .. -.. _ —.———. --- ——7.. --—. .. ——. .—— ——— .- . . —



!

12 NACA TN ~00 1697

the pressure-distrilx.rkioncurves. AOCU to the data of figure6
it is probablethat no furthersignificantincreasein lHt coefficient
would occurwith increasingMoh nuuiberfor 13.2° angle of attack. The
data of figure6 showthat the mgle of attackfor medmm lift is
13.5°for a w numberof 0.60and that the anglefor maximumlift
decreasedwith increasingMach nmiber. Hence,since13.2°wiJL be the
angleformaxbmm lift fcm saneMach numberonly sZi@tly in excess
of 0.60,the distributionpresentedfor a Mach numberof 0.60 is
assumedto be sufficientlycloseto the maximumpressuredistribution
for all praqticelpurposes.

For an angle& attackof 32..1°,en extensivesupersonicregion

of 22$ percentof the chordis fmmed when the fre~tream Mdoh number

is raisedfiam 0.55to 0.60. Thisbroadeningof the local.supersonic
regionresults,as in the case of a = 13.2°, in a rapidrise in lift
coeffici~t. Smmrisin@Y enough,a sli@t reductionin separation
occurswith this increasein Mach nuriber.

0, the data of figure7(b) showaFor an anglecd’attackof 14
rapidloss in lift coefficientat H nuuibersexceeding0.575.
The indicationsare,therefore,that afterthe ysdmum lift coeffi- ,
cientis reached(fora givenamgleof attack)with a strongshock
presentin the flow,a furtherincreasein Mach nuuderwill resultin
a seriousloss of lift.

Maxhmu lift coefficient.–5e value of the maximumlift coeffi-
cient (fig.8) increasedfrcm a value of 1.07 at a Mach numberof 0.15
to a peak value of 1.135at a lbh numberof approximately0.25 (a
Reynolds’numberof 3,500,000)..This increaseof maxhmm lift coeffi-
cientwas essentiallya Reynoldsnuuibereffect. Beycmda Wch nwiber
of 0.25,the increasein mmdmum lift coefficientwith Reynoldsnumber
was counteractedby adversecompressibilityeffectsresultingin a flow
breakdowncharacterizedby lminsr separationfram the lead3ngedge ti
the wing and a decreasein maxhum lift coefficient.The value of the
maximumlift coefficientcontinuedto decreaseuntilthe minimum
attainablecritic&1&oh numberof approximately0.33was reached
duringthe pressuretests. (Becauseof the varyingtype of stallat
low I&oh numbersand the differencein Reynoldsnuniberbetweenthe
forceand pressuretests,it is quitepossiblethat the minimm
attainablecriticalMach numberwas slightlylowerduringthe force
tests.) As the Mach numberwas furthertioreased,the forward
pressurepeeksbroadenedend decreasedin magnitude;these changes
therebytendedpertlyto compensatefor the continuedloss in maximum
lift and to reducethe rate of decreaseof maximm liftwithMach
nuniberbetwem Mach mnibersof 0.35 and 0.50. Afterthe minimumvalue
of the maximumlift coefficient(O.895)was attainedat a Mach number
of 0.50,fm@er increasesin Mach nuuiberresultedin rapid increases
in msximumlift coefficientto a value of 1.10 at a Mach nuuiberof 0.60

“ (thelimit of the tests).

.-. “: - —.———- .- -—- ———— -
. .

.

.

.

9

,,

—.



NACA TM NO. 1697 13

.

night testsreportedin reference12 for an airplanehavinga wing
whose plan form qd airfoilsectionsare very s~ to the modelwing
produceddatawhichare 4 very closeagreementwith the presantdata-
(Seefig.8.) The flightdatawere obtid at en altitudeof 32,300feet
underconditionswherebythe flightRewelds nuuiberwas roughlyequalto
the testReynoldsnuuiber.The minimumvalueof th8maximumlift coeffi-
cientfor both tests (fig.8) was approximatelyO.9 and occurredat a
Mach numberof aboutO.~. ~ each case thisminimumwas followedby a
rapidrise in meximm 13f’tcoefficientwhichreached.a secondarypeak
valueof 1.095in the flighttests. Althoughno secondarypeakhad been
reachedin the tunueltests,‘acomparism of tie tunneltestswith the
flighttestsshowsthat the f= maximumlift coefficientof 1.1 obtained
at a Mach numberof 0.60wouldbe very closeto the m&e obtainedat tb
secon~ peak of the testwing.

Wese maximum-liftcharacteristicsof the 66-serieswing are con-
siderablydifferentfrom thoseof the 230-serieswing discussedin
reference5. Unlikethe 66-serieswing the valueof the meximm lift
coefficientfor the 230-serieswing decreasedwithMach numberthroughout
the range of the testsafteratta~ its peak valueat a Mch nuuiber
of about0.30. Thismarkeddifferencein mximm-lift characteristics
of the wings is of extremeimportancefrom structural-designconsider-
ationsin additionto aeromc aspects. The representativepressure
distributions(fig.14) for both wings show that,tiebuild-upand rear-
ward movementof the shockfomation, thoughmuch more pronouncedfor
the 66-serieswing, is somewhatsimilarfor both configurations.The
most significantdifferencein the pressuredistributionsis the location
of the peak points. - figure14 the pressurepeaksfor tie 66-series
wing are seen to occurwithinabout1 percentof the chordaftera very
rapidaccelerationaroundthe leadhg edge. Furthermore,thesepeak
locationsdo not vary significantlyover theMach mmiberrange. Conse-
quently,as the shockmoves downstreamalongthe chord,the higbJy
negativepressuresextendoverlargerportionsof the chord,and the
lift coefficientis therebyappreciablytncreased. In contrastto these
results,the pressuredistributicmsof the 230-seriesW@ (fig.14) show
lessrapidaccelerationsmound the leadingedgeend a peak pressurethat
moves downstreamas theMach nmber is increased.This loss h lift in
the vicinityof the leadingedge of the 230-serieswing overcompmsates
for the gain causedby the rearwardshockmovementand resultsti a net
decreasein the maximumlift coefficient.

As to the fundamentalexplanatim of the high accelerationsarouud -
the leadfngedge of the 66-serieswing, hadeq~te e~erimentaldata
existfromwhich any positiveconclusims can be drawn. It iS quite
probable,however,thatbecauseof the sharpnessof the leadingedge of
the airfoila very - localizedseparationregim is fomuedon the
uppersurfaceh the vicinityof the leadhg edge (reference19). In
case of sucha phenmenon, the main flowwould then * supersonically
aroundthisregiauaud beccznereattachedto the airfoilsurface. The
flowwould thenbe e~qnded more than is requiredby the physical

.
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boundaryand would thusbe directedback to the airfoilsurface. This
overexfmnsionWouldresultin the abnormallyhigh pressurepeaksvery
closeto the leadjngedge. The flow thenundergoesa slightstabilizing
compressionpriorto themain decelerationshock. The probabilityof an
overexpansionat the leadingedge is also indicatedby the fact that
the 66-serieswing attainedpeak localhch mmibersas high as 1.75 as
comparedto 1.55 for the 230-serieswing.

It is, therefore,ap~nt that the main differencein maximum-lift
characteristicsat the higherMach mmibersis essentiallya leading-edge
effectand that airfoilshavingsharpleadingedgessuch % the
NACA 66 serieswill exhibitthe rise in maximumlift coefficientwith
Mach nmiber~whereasairfoils”havingblunterleadhg edgessuchas the
NACA 230 serieswfll not exhibitthisrise. ~

Isading-edge-roughnesstestsweremade at low Mach nmibersto deter-
tie the effectof the boundarylayerupon themmdmum lift coefficient.
The data of figure8 showthat the conditionof the leadingedge is of
utmostimportancein detezWning the maximumMft coefficientand that
seriouslossesh maximm liftwill resultfromprematurethickeningand
transitionof theboundarylayerh the vicinityof the leadingedge.
No significantMach nmber or Reynoldsnumbereffectoccurredwithinthe
Mach mmiberor Reynoldsnumberrangeof the roughnesstests,and thusthe

8

presenceof a fullydevelopedturbulentboundarylayerwithoutexcessive
pressurepeekswas indicated. ‘

stalling characteristics.- An emmination of the forcedata of
figure6 showsthata discussionof the generalstallingcharacteristics
can be dividedintothreerepresentativegroups: low-speedstall
(~ = O.20),moderate-speedstall (~ = O.40),and high-speedstan
(l&= O .60). Tn orderto tracethe build-upand spanwiseprogression
of tie stall,pressurecontoum for varioushi& anglesof attackfor
Mach nunibersof 0.20,0.40,and 0.60 havebeen presented(figs.U. to 13)
in additionto the pressuredistributionsfor the mid-semispanstation.
(Seefig.10.)

The low-speedstall (figs.10(a)and 11) is essentiallycharacterized
byalsminar separationof the flow from the leadingedgewith a sharply
deftiedstalland a rapidflowbreakdown. The pressuredistributionsfor
variousincreasinganglesof attack (fig.10(a))showthe progressively
Increasingleading-edgepeak and only slightticreasesh trailing-edge
separation.At an angleof attackof 17.5°,the adversepressuregradient
was of sufficientstrengthto causea sharpflowbreakdownat the leadirg
edge (evidencedby two tistiibutims,one stalledand one unstalled,
at a= 17.50)● Althoughthe stallrapidlycovered.the entirewing, the

firststationobservedto stallwas locatedat * = 0.1 (fig.Il.(e)),

and then the stallprogressedalmostimAsnixmeou&Lyto the mid-semispan
(fig.IJ.(f)). Althoughthe stallf- reachedthe tip, the titensity— —

-7-- ‘ot ‘eq ‘eve= - b 2
= O.8 outboardf6r thisWch mmber

and all otherMach numberstested.

(o.20)

— —.. -.....—-—— . ...— .- —— -— ------ -----— —.
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. The characterof the stallat a Mach nmiberof 0.40.~figs.10(b)
end 12) was entirelydifferentfrm that at a Maoh numberof 0.20 -
(figs.10(a)mill). The maximumlift coefficientwas attainedat
an angleof attaokof 13.6°,the lift ourvehavinga roundedpeek and
ord.ya m variationin lift on eithersiiieof the peak (fig.6).
Stallin this casewas causeaby a wila+ of trailing-edgeseparatism

fwhich graduallyextendeaforwerd(figs.10 b) ad 12). Stallbegin
firstat the tia+ma~ stationma spreadslow~ to coverthe rest
of the wing (fig.12). The pressuredistributionfor an angleof
attackof 17.2° (fig.10(b)),3.6° beyonathe maximm Lift,though
showingpromuncea separation,doesnot indicatea seriousloss in lift.

Thehigh+ped stall.(~ = 0.60) ocourredsharplyaftera slight
rouniiingoff of the lift ourve (fig.6). Increasingthe angleof attack
frcmlO.OO to 12.8° (fig.1O(C))resulteain a largeincreasein the
localsupersonicregionma, therefore,in a largeincreasein lifti
curveslope. As the angleof attaokwas ~er increaseato the stall,
the amountof seperatim increasedaml reeulteain the roundingoff of
the lift curve. The stallwas probablyprecipitatedby trail~dge
separatim accompmieaby a largeloss in liftwhen the shockreachea
sufficientstrengthto causea c

T
ete flow breakdown. The gradual

recompressionshuwnin figure1O(C for an angleof attackof 13.5° is
believedto be causedby the shockmovinga significantaistcmceabove
the airfoiluvera regionof separateaflow. h thisway, the pressure
discontinuitywhichmay existin the free streamwill be recordeaby the
mrface orificesas a gradualcompressionthro@h the sepsrateaflow. .
The spenwisecontoursof figure13 showthat stallOccurre&first

Y
at — = 0.5 ml progressestiboardad outboaid.

b/2
b

Load Distributions

spanload distributions.- The spanload distributionsfor
representativenmmal-foroe coefficientsfor Maoh numbersof 0.20,
Oh-O, ma 0.60 (fig.15) showno significmt shiftin load or centerof
pressurewithMach numberevenwhen strongshockformationsare present
m the wing. A comparisonof the experimentaltitswith theoretical
calculatimsbaseaon the methodof reference14 is made at a I&oh
ntier of 0.20. The gOOa agreementfor sJQ normal-forcecoefficients
beluwthe stallindicatesthat the spemise dlstrilmtionof normal
loadscam be pretictedadeqze.tel.yfor most structuralpurposes.

Root benain&ncment coefficients.- The variationof the root
bendin&mment coefficientwith Mach numberfor variousrepresentative
normal-forcecoefficients(fig.17) showsno compressibilityeffects
ad, for sdl-practicalpurposes,may be cmsiileredcmetant. The peek
valuesof the bend~nt coefficientvary considerablywith Maoh
numberaml in generalreflectthe variationof maxtmumlift coefficient
withMach number. Ben~t coefficimtsobttieafr~~e
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theoretic&1spanload distributionsshow,as would.be expected.,very
goodagreementwith the experimentallydetemined coefficients.

z’wist~ t distributions.- The root twisting+mnmt distribu-
tions~esented b figure19, in general,shtithe influenceof stall
ana ehOckformatim OR the,*. Figure18(a) (~ = 0.20) shows the
progressivebuila+zpof negativetwistingload at the tip with increasing
normal-forcecoefficient.The fact thatthe tip tist~t
~ter is her * the root pm-meter fidicatesthat the longer
tip+mcmentarm frcm the referenceaxisto the sectioncenterof pressure
has a greaterHluence on the localtwisting~ent parameterthan the
largerroot chord. The suddenincreasein twistingmcunentat the root
at a normal-forcecoefficientof 1.00 is attribute t& the staJ.1initially

-V
occurringat ~

A

= 0.1 and to the accmpanyimgresmard mmement of
b2

the centerof eseureat this station. The essentiallyflat distribution
for a normsl<mce coefficientof 0.72was obtiea afterthe wing stall .
becameextensive.

Figure18(b)presentsthe twist~nt parsmeterfor a Mach
numberof O.kOand, as in the case of a Mach numberof 0.20,closelyfollows -
the stallpa~ern. An irregularincreasein the twist~t
parameterfor a normal-forcecoefficientof 0.95 occurringat the wing
mitkmmispan is againattributableto stall. The severityof the stall
increaseswith increasingeagleof atik ad can be seento spreadout
tromthe middleof the smispsm.

For the high-speeiicondition,~ = 0.60, (fig.18(c))the twist-
mment parameterincreasesas e~ctea frcnn~ = 0.2 to ~ = 0.4. As

—. —.

the angle of attackis furtherincreased,the stationstiboardof = 0.7
&

showa (increasingtwist~ t parameterwhich indicatesa forwsr~-
IIlOvementof the centerof pressure. This forwardmcmment of the center .
of pressureis associate with the formationof eximnstvelocalsupe~
sonicregionson the forwardportionof the upper surfaceof the airfoil,
as previouslydiscusses.The influenceof tia-sti~ stallis again
notesad occurs&or the 0.915normal-foroe distributicm.

Root twistim&mmeIlt coefficients.- The wing root twist~nt
coefficientspresentedin figure19 are referencedto a line perpenaiculm
to the 2>perceritpoqitionof the root chord. This pointwas arbitrarily
selecteaas a pointof interestfti tbg structuralaesi~ of the w1*
root sectionend attaobment.Thereis a slightI&oh numbereffecton
the roottwist~t coefficientfor anglesof attackbelow5° (in
the subcriticsllrsmge);the effect,however,is mch lessthan that

D
baseaon the GLauertfactor

.5

At anglesof attackabove5°, the
2“

. . . —.-.-— . . .. -—- .- —.- . . . . ..— ——



NACA TM NO. 1697 17

twiet~t coefficientfor a Ikch nuniberof 0.60undergoesa large
decreasedue to the forwardmovementof the centerof pressureresulting
fra the local.regionsof supersonicflow. The rapid stallat high
speedsis @ evidmced by the suddenrise of the root twist~nt
coefficientat an mgle of attackof about13.5°. For Mach nundersof 0.20
=a 0.40,the slopesof the curvesof root twist~nt coefficient -
againstangleof att*k undergodecreasesat the hi@er am@es of attack
correspondingto shiler changesin the lift curves. The-gradualstECU.
at akh nuuiberof O.~ sad the sharpstallat a Mach numberof 0.20 can
be seenfrom this figure.

Testsof
sections,2:1

CONOIJJBIONS

a U?-foot+spanwinghaving
tap~rratio,* an aspect

in the I&gleyl&foot hi&+peed tunnel
=a inMcate the followingconclusions:

.

l~percen+%hick NLOA 6&series
ratio of 6 have been Cmaudea
up to alkoh n-tierof 0.69

1. Themaxhum lift coefficientincreasesfiau a value of 1.07 at a
Wchn umber of 0.15to a peak value of 1.135at alkchnmiber of 0.25
and a Reynoldsnudber& 3,500,000,then decreases,more rapidlyat first,
to a value of 0.895at allachnmiberof 0.50,afterwhich it increases
very rapidlyto a valueof 1.10 at aMach numbemof 0.60 (limitof the
maximmklift tests). At the lowerlkchnunibrs seriouslossesin~
lifi coefficientwere f~atO resultfrcmprematuretransitionof the
laminsrboun~layer to aturbulent boundarylayer causedbyl~
edgeru@ness.

.

2. The le~ radiushas a si@ficant effecton the madmum—
lift characteristicsof airfoilsat the hi@er Mach nunibers.The rapia
rise of the madmmn lift coefficientfor the NAOA 66+ertes wing is
attributedpr=ly to the musudly hi@ accelerationof the flow
aroundthe sherpleadingedge of the wing ma to the rearwara movement
of the shockformatiauon the uppersurfaceof the wing.

30 NOsi@ficmt C-S in span load distributim ma root
ben~nt coefficientsoccurredthrou@out the Mach nuniberrange
for all anglesof attackbelowthe stall. For all Mach nunibers
investigated,the speawisedlstributim of normalloadson the wing can
be predictedadequatelyfor most structuralpurposes.

4. Extensivelocal supersoni~flowregionsare f0rm8auverthe
upper surfaceof the ~; peak localMaoh numbersof abuut1.75 are
obtainedfor a free-streamMaoh nuniberof 0.55azilan angleof attack
of 13.2°. -

.

-.-.--— -.— ...__ ——- -————- —-. ..-. .—. >_ .— -—. .. . . ____ . ..
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5. The effeot.of the formatim & the extensivelocal supersonio-
flow regionsuverthe upper surfaceof the wing is to move the cmnteT
of pressurefmward and reduoethe seotiontwistin&nomentandroot
twist~t co~icients fcm givenncmmel-foroe coefficients.

LangleyAeronauticalLaboratm?y
NatknsllAdvisoryCafmnitteefor Aeronautics “

IangleyP’ield,Va., Am 1.2,1$#18

.

h

-. .. ..-— - --- ---- . . . .. .--- -- .. . . . .. . .



NACA TN NO. 1697 “

RgmmcEs

39”

1. Muse, Thomas C.: SomeEffects of Reynoldsand Mach Nmiberson the
Ltft of ~1’WA 0012RectangularWing in the NACA l~oot Wessure
Tunnel. Nf$CA0$ No. 31P9, 1943.

2. Cleary,~Ola E.: IfYectsaP Compressibilityon MaximumIdft
Coefficientsfcm Six Propeller.Airfoils. E&GA A(X No. L41Z?la,
1945.

3. Nissm, JamesM., and (kdeberg, Burnett L.: Hfect of Machand
Reynolds llhmberson the Powe~ MaxhmmLll% Coefficient
Obtainableon a P-39K1 l&@aae as Determinedin Fli@t. “
NACAACR NO. 4F28, l$3kk.

4. Rhoae, Rkhard v. : Correlationof FIQht Data on LimitPressure
Coefficientsand TheirRelationto Hi@~eed Burblingand
Witical Tail Loads. NACAAGR No. L4127,lgkk.

.
5. Pearson,E. O., Jr., Evans,A. J.,-sadWe@, F. E., Jr.: IM’fectsof

Compressibilityon the MaximumIdft Characteristicsand Spemise
bad Distribution& a =oot-Spen Fi@zte@l?ypeWing of
NACA 230-SeriesAirfoilSections. lWICAACR No. L5Glo,1945.

6. Pearson,E. O., Jr.: F&fectof Compressibilityon the Distribution
of Ressures overa TaperedWing of NACA 23&Series Airfoil
sections. I’WA TN No. 1390,1947.

7. Furlcmg, G. Chedmr, and Fitzpatrick,JamesE:: Effectsof~hch
Mzmberand ReynoldsNumberon the MaximumLift Coefficientof a
Wing of NACA 23Heries A&foil Sections. NACA TN No. 12gg,
1947.

8. Swmmon,RobertS., and Gillis,ClarenceL.: Wind~el Calibration
emd Correction2roceduresfor ThreeAMmenshlal Moaels● IVACA ARR

No. I&E31,l$$dh

9. Goldstein,S., and Young,A. D.: The LinearPerturbationTheoryof
CompressibleFlow,with Applicationsto Wind~el Interference.
R. & M. MO. 1909,BritishA.R.C., 1943.

10. Lotz, n’mgard,: @m’ection of Dcwmash in Wind.5els of Circular
azlaEllipticsections. MACA’TM~0. 801,1936.

IL Them,A.: BlockageCorrectionsin a ClosedHigh-SpeedTunnel.
R. & M. NO. 2033,BritishA.R.G~,1943.

12. Spreiter, JohnR., and Steffen,Paul J.: Effectof Mach and Reynolds
l’nnliberson MsxlmumLift Coefficient.NACA TN No. 1044,1946.

... . . .. --— —.. ___ .. -—-—-—- --—--———. .—-. . ..—.- .



20 NACA TN NO. 1697

13. Well, lhcy E.: ChordtiseRressureDltibutions on a woo+
_ Wing of l?ACA~ries AirfoilSections~ to a Mach
=er uf 0.60. NACA TN No. 1696, 1948.

14. Anon.: Spaawise M&Load Distribution. AN&l(l), _-Na~-
CcmmerceCommitteean Aimraft Requirements.U.S. Gwt.
PrintingOffice,April 1938.

15. Abbott, h H., Von DoenhofY,AlbertE., and Stivers,LouisS?, Jr.:“
~ of AirfoilData. NM2A Rep. NO. 824, 1945.

16. NeeQ RobertE., and I?oster,GeraldV.: Wind-TunnelInvestigation
of am NACA ~ries l~Percent#lhickLm&lrag TaperedWing with
lbwlerand SplitFlaps. I?ACAACE?NO. L5F28,1*.

17. Sivells,JamesC.: EqerimentsJ.and CalculatedCharacteristicsC&
ThreeW

v
of NACA -O and 6-o Ai??fO~Sectionswith axil

without2 washout. NACA m No. 1422,1947.

18. (%thert.B.: Planeand -~ ionalFlow at Hi~ Subsonic
Speei.s.

19. Iitndsey, W.
Flow alla
Slibsonic

NAM TM No. 11o’5,1946.

F., Dsley,BernardN., ad Hmr@reys, MiltonD.: The
ForceCharacteristicsof SupersonicAirfoilsat El@
Speeds. NACA m No. 1211,1947.

/
. . -.. : -. -,---— ,-. — ——- .-- .-— —---- -- .--— -.



NACA TN No. 16w” .

TABLEI

21

.

AIRFOILCIRD~QF6~m

[k%ations and ordinates are given in percentof airfoilchord]

/

Rout section ‘ Tip section

.

Upper surface Lower surface Upper surfaoe Lower surface

%ation Ordinate StationOrdinate Station Ordinate Station ordinate

o“ o 0 0 0 0 0
.43 1.21 ●57 -1.15

● 37 ;.24 .63
.68 ;.g

-1.111
.82 -1.37 .61 1.50 .89 -1.3’2

;:;: 1.33 -1.68 1.09 1.8$? 1.41 -1.61
2150 2.59 4.25 2.32 2.61 2;68 +2.13

4.90 3.50 5.10 -3.08 4.79 3.70 5.23. +2.87
7*39 4.28 7.61 -3.73 7.28 4.56 -7.72 -3.44
9.89 :.g 10.U -k.28 9,78 5.% 10.22 -3.93
14.89 15.U +.15 14.79 6.50 -4.70

6:89
15.21

19.90 20.10 *.83 19.81 7.43 20.19 +.29
24.% 7*55 25.08 -6.34 24.83 “8.16 25.17

8.05
+.74

29*93 30.07 -6.74 29.86 8.71 30.14 -6.08
34.95 8.41 35.05 -7.02 34.90 35.10 .4.32
39.97 8.63 40.03 -7.18 39.94 ;:2 40.06 -6.46
44.99 8.73 45.01 -7.26 44.98 9.47 45.03 -6.52
50.01 8.69 49.99 -7.22 50.03 9.43 49.98 -6.48
55.04 8.50 *.96 -7.06 :;.: 9.23 .
60.07 “8.u

54.93 <.3$
59993 -6.74 8.80

65.10 ;.:
g.:

64.90 4.20 65;~9 8.08 +158
70.10 69.90 9.42 70.20 7.07 69;80 :.:
75.09 5:43 74.91 4.50 75.18 5.89 74.82
80.08 4.23 79.93 -3.49 80.15 4.59
85.05

79.85 -3:11
2.99 84.95 ;.: 85.11 3.26 84.89 4.17

90,03 1.76 89.97 90.06 1.94 89.*
.68

-1.24
95.01 #.99 ~~52 95.02 .76 g4.g8 -.43
.00 0 100 0 100 0

k~age radius= 1.475C Ie~dge radius= 1.475c
Slopeof radiusthrou@ leading Slopeof radiusthrou@ leading
edge= 0.058 e@e = 0.117
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.

Figure 3.- Downstream view of test wing mounted m normal and
image support struts.
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(a) Downstream view.
..

Figure 4.- Test wing mounted forpressure tests.
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* (b) Upstream view.

.Figure4.- Concluded.
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figure 5.- Vunution of uvetuge test Reynoldsnumber with Much noznkx
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